The secondary data sets analyzed during the current study are freely available upon request from the DHS website at <https://dhsprogram.com/data/available-datasets.cfm>. Searching 'Bangladesh DHS, 2007' in the DHS website will provide the survey data set.

Introduction {#sec001}
============

Intimate partner violence (IPV) is a critical public health problem even in the 21st century, particularly in developing nations. This violation of human rights has been found to affect physical, mental and reproductive health of women. The World Health Organization (WHO) defines IPV as "any behavior within an intimate relationship that causes physical, psychological or sexual harm to those in the relationship" \[[@pone.0236670.ref001]\]. These behaviors include acts of physical violence, sexual violence, emotional or psychological abuse and controlling behaviors such as secluding the victim from family and friends, and/or restricting access to financial, educational, healthcare and personal freedom \[[@pone.0236670.ref001]\]. IPV is also known as domestic violence, wife abuse or dating violence \[[@pone.0236670.ref002]\]. However, in the current study we have considered only the physical aspects and sexual violence grounds as IPV for a more focused study (instead of the broad definition of the WHO), which is also more relevant in the context of Bangladesh \[[@pone.0236670.ref003]\]. It is postulated that IPV leads to an adverse effect on maternal and reproductive health, particularly miscarriages, induced abortions and/or stillbirths.

According to the WHO's global and regional estimates of violence against women, nearly 30% women around the globe have fallen victims to IPV, in forms of physical, sexual or emotional abuses, during the course of their relationships. In some regions, such as the South-East Asian and Eastern Mediterranean region, the prevalence of IPV increased by 38% \[[@pone.0236670.ref004]\]. The implications of IPV have been observed to exceed the apparent cases of physical injuries and mental health ailments, and have shown signs of affecting reproductive health issues. For example, women who have experienced IPV are more than twice as likely to have an induced abortion compared to women who have not been a victim \[[@pone.0236670.ref005]\].

IPV has resulted in a long list of health-related issues for women. These include increased risk of miscarriages, induced abortions, or stillbirths (MSA) \[[@pone.0236670.ref006]\], high blood pressure or edema, vaginal infection, severe nausea, kidney infection or urinary tract infection, preterm delivery and giving birth to a low-birthweight (LBW) infant \[[@pone.0236670.ref007]\], perinatal deaths, and preterm LBW deliveries \[[@pone.0236670.ref008]\]. Furthermore, psychological IPV were observed to have increased the odds of breastfeeding avoidance in Spain \[[@pone.0236670.ref009]\]. Female IPV victims were also exposed to birth control sabotage, forced sex, and partner\'s unwillingness to use birth control methods as well as at risk for HIV infection \[[@pone.0236670.ref010], [@pone.0236670.ref011]\].

The overall picture regarding women facing IPV in South-East Asia is bleaker compared to the developed countries. The regional prevalence rates IPV, by WHO region 2010, was the highest in South-East Asia at 37.7%, whereas the rate in the high-income countries was 23.2%. The South-East Asian region, primarily Bangladesh, India, Myanmar, Sri Lanka, Thailand, and Timor-Leste, was also found to have the highest median prevalence of intimate partner homicide among all female fatalities totaling to nearly 55% \[[@pone.0236670.ref005]\]. Women in Bangladesh who experienced sexual IPV during pregnancy were also at an increased risk of suffering from medical, obstetric or multifaceted complications during pregnancy \[[@pone.0236670.ref012]\]. However, there is a literature gap in identifying the most vulnerable cohorts of women who suffer from IPV in Bangladesh and its subsequent effect on miscarriages, induced abortions and stillbirths.

The status quo in Bangladesh regarding miscarriages, induced abortion and stillbirth (MSA) or fetal deaths continues to be challenging despite the focus in maternal healthcare from the policy makers. During 2014, an estimated number of induced abortions was 1,194,000 in Bangladesh, that is approximately 29 abortions per 1,000 women aged 15--49 years \[[@pone.0236670.ref013]\]. A combined analysis using Bangladesh Demographic and Health Survey (BDHS) 2004 to 2014 data found that the pooled rate of stillbirth in Bangladesh was 28 per 1000 births (95% CI: 22, 34) \[[@pone.0236670.ref014]\]. Although no substantial national statistics regarding miscarriage in Bangladesh were available, the rate of prevalence is reasonably assumed to be higher compared to developed countries. All these show the need for a better understanding of vulnerable cohorts for evident-based intervention strategies and refining maternal health policies in Bangladesh.

Prevalence of physical and/or sexual abuse during pregnancy is quite similar in industrialized and non-industrialized nations \[[@pone.0236670.ref015]\]. One study found that in rural Bangladesh, women\'s social status and economic conditions could influence their risk of domestic violence in many ways \[[@pone.0236670.ref016]\]. A study in Bangladesh found that sociodemographic covariates such as age, place of residence, education, religion and number of children were associated with intimate partner violence \[[@pone.0236670.ref017]\].

The current study explored the vulnerable cohorts, that is, the households where women are vulnerable to IPV and consequently are likely to experience miscarriages, stillbirths or induced abortions (MSA) based on their sociodemographic attributes using Bangladesh Demographic and Health Survey 2007 (BDHS 2007). This should contribute to the Sustainable Development Goals (SDG), particularly goal 3.1 (reducing the global maternal mortality ratio) and goal 5.2 (eliminating all forms of violence against all women and girls in the public and private spheres) \[[@pone.0236670.ref018]\] by helping to design intervention strategies. Specifically, this study would provide (a) estimates of overall physical and sexual IPV victimization among ever-married Bangladeshi women in different socio-demographic scenarios and (b) an estimate of the effect of IPV on miscarriages, induced abortions and stillbirths (MSA) based on this victimization.

Theoretical framework {#sec002}
=====================

Although using physical or sexual violence against wives is no longer legally permissible, the legacy of the patriarchy continues to generate the conditions and relationships that lead to IPV. Intimate partner violence, or wife abuse, was not publicly recognized as a social problem until the 1970s \[[@pone.0236670.ref019]\]. To understand the cause and mechanism of IPV, multiple theories, such as the systems theory \[[@pone.0236670.ref020]\], exchange theory \[[@pone.0236670.ref019]\], nested ecological theory \[[@pone.0236670.ref021]\], subculture-of-violence theory \[[@pone.0236670.ref022]\], and resource theory \[[@pone.0236670.ref023]\] are discussed by the sociologists within the paradigm of familial violence \[[@pone.0236670.ref024]\].

This study followed the nested ecological theory given by Dutton (2006). In his work, Dutton has identified the individual as the unit of analysis to discuss IPV and considered the environmental and societal factors to be significant in explaining the violent behavior in an intimate relationship. Dutton indicated four levels of systemic social framework that could affect the unit of analysis, the individual. They are: (a) The macrosystem, which is made up of "broad cultural values and belief systems"; (b) The exosystem, which consists of the institutions (educational, employment, religious) and groups (peers, society) through which the individual is connected to the outside environment; (c) The microsystem, which refers to the individual itself and interaction patterns within the family itself; and, (d) The ontogenetic factors, which refer to the "individual's developmental experience that shape responses to microsystem and exosystem stressors".

Typically, the selection of covariates in such studies of violence is based on applied knowledge or experience and literature review. However, in the current study, probable covariates were initially listed that could be associated with the outcome variables (IPV and MSA) based on the literature. Using the definitions of the systemic levels of social framework given in Dutton's nested ecological theory, the final list of sociodemographic variables for the study were made. The hierarchical tree shows the distribution of sociodemographic factors of this study among the four systemic levels of social framework (**[Fig 1](#pone.0236670.g001){ref-type="fig"}**).

![Theoretical framework of the based on four levels of systemic social framework by Dutton (2006).](pone.0236670.g001){#pone.0236670.g001}

Methods and materials {#sec003}
=====================

Ethical approval {#sec004}
----------------

This article does not contain any studies with human participants performed by any of the authors. The Bangladesh demographic and health Surveys were approved by ICF Macro Institutional Review Board and the National Research Ethics Committee of the Bangladesh Medical Research Council. A written consent about the survey was given by participants before the interview. All identification of the respondents were dis-identified before publishing the data. The secondary data sets analysed during the current study are freely available upon request from the DHS website at <http://dhsprogram.com/data/available-datasets.com>. Searching 'Bangladesh DHS, 2007' in the DHS website will provide the survey data set.

Data overview {#sec005}
-------------

The present study uses data from the fifth Bangladesh Demographic and Health Survey (BDHS) conducted in 2007 under the authority of the National Institute for Population Research and Training (NIPORT) in collaboration with the Demographic and Health Survey (DHS). This survey is a nationally representative household survey that has been periodically held since 1993 and uses a structured questionnaire. A list of enumeration areas (EAs) from the population census of Bangladesh conducted in 2001 was used as the sampling frame for the survey, where the whole country was divided into 6 administrative divisions and the sampling frame was comprised of 259,532 enumeration areas (EAs) with an average size of 100 households in each EA \[[@pone.0236670.ref025]\]. The survey used two-stage stratified cluster sampling, where 361 EAs (clusters) were selected in the first stage using the probability proportional to size method. Then in the second stage, an equal probability systematic sampling method was used to draw an average of 30 households from each of the 361 EAs.

All ever-married women aged 15--49 years who stayed in the selected household the night before the survey were eligible for the female survey. Interviews were successfully completed in 10,400 households (99.4 percent of the total selected households). In these households, a total of 11,178 women aged 15--49 were identified as eligible and finally 10,996 women were interviewed (a response rate of 98.4 percent). From them, 4,489 women were deemed eligible to respond to the domestic violence module where 22 women were excluded \[[@pone.0236670.ref025]\].

The study considered this sample of 4,489 women who responded to the questions regarding IPV and MSA. Women who were temporary (de jure) residents at the time of the survey were excluded from the current study. After removing respondents with missing values, the final sample for the study was 3,920 women.

Response and outcome variables {#sec006}
------------------------------

Both IPV and MSA are outcome variables in this study. The outcome variable MSA was extracted from the original dataset while IPV was constructed from the available data. In order to group the partner's violent acts as IPV, the BDHS 2007 report as well as the DHS VII standard recode manual were followed \[[@pone.0236670.ref026]\]. The binary outcome variable IPV was constructed based on the respondents' answers to the following questions: (a) spouse ever pushed, shook or threw something; (b) spouse ever slapped; (c) spouse ever punched with fist or something harmful; (d) spouse ever kicked or dragged; (e) spouse ever tried to choke or burn; (f) spouse ever threatened with knife/gun or other weapon; (g) spouse ever physically forced sex when not wanted; and, (h) spouse ever twisted her arm or pulled her hair. An affirmative answer to any one of these questions was taken as 'yes' for IPV and the rest were classified as 'no'. Similarly, if the responded reported ever having a miscarriage or induced abortion or stillbirth, they were classified as 'yes' for the variable MSA and the rest were taken as 'no' (**[Fig 2](#pone.0236670.g002){ref-type="fig"}**).

![Distribution of IPV among MSA in Bangladesh Demographic and Health Survey (BDHS) 2007.](pone.0236670.g002){#pone.0236670.g002}

The sociodemographic factors were selected based on prior literature, pre-analysis and the theoretical framework. The selected sociodemographic factors were respondent's current age (in years); place of residence (urban, rural); respondent's and her partner's highest educational level (no education, primary, secondary, higher); sex of household head (male, female); wealth index (poorest, poorer, middle, richer, richest); respondent's age at first birth (in years); and respondent's current working status (no, yes). The wealth index was pre-calculated in the data using principal component analysis on household assets \[[@pone.0236670.ref027]\].

Statistical analyses {#sec007}
--------------------

Bivariate analyses were conducted to observe the distribution of each covariate over the outcomes. The chi-square test and Cramer's V were used to assess the significance of associations between the sociodemographic variables and both outcome variables (IPV and MSA).

Both outcome variables in the study were binary, hence a regression model with a binomial family of distribution seemed appropriate. Generalized linear models (GLMs) were fitted to each outcome variable where cluster and strata-wise variations and survey weights were adjusted to generalize the findings in both models. For the first model with IPV as the outcome, the model accuracy was 73.6% and for the second model with MSA as the outcome, the model accuracy was 79.1%. GLMs are commonly used to fit multivariate distributions for non-normal data where random effects are incorporated into the linear predictors \[[@pone.0236670.ref028]\], and commonly used in DHS studies \[[@pone.0236670.ref029]\]. All analyses were conducted in *R* (*version 3*.*6*.*0*) and GLM was fitted using the "*survey*" package.

The present study employed a p-value threshold of 0.005, which is recommended for new discoveries in order to ensure reproducibility in scientific research \[[@pone.0236670.ref030]\]. Hence, associations were considered significant if p-values were less than or equal to 0.005 in the fitted models.

Results {#sec008}
=======

Descriptive analysis {#sec009}
--------------------

The prevalence of intimate partner violence was 26.4% (**[Table 1](#pone.0236670.t001){ref-type="table"}**). The average age of respondents who were victims of IPV and reported at least one MSA during their lifetime preceding the survey was 31.6 years. The mean age at first birth was 17.8 years. More than half of the respondents (62.8%) lived in the rural areas of the country. Approximately one-third of the study females lacked formal education, and the rest had some form of education (primary, secondary or higher), with only 6.7% having higher level education. In only 11% of the cases, the household head was a female member of the family.

10.1371/journal.pone.0236670.t001

###### Distribution of Intimate Partner Violence (IPV) victims and women with miscarriages, stillbirths and abortions (MSA) by sociodemographic factors (categorical and continuous), among women aged 15--49 years from the data obtained from BDHS 2007.
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  Sociodemographic variables                            Group          N (%) of all study participants   N (%) of women subject to Intimate Partner Violence (IPV)   N (%) of women with Miscarriages, Stillbirths and Abortions (MSA)                 
  ----------------------------------------------------- -------------- --------------------------------- ----------------------------------------------------------- ------------------------------------------------------------------- ------------- -------------
  **Residence**                                         Urban          1457 (37.2)                       353 (24.2)                                                  1104 (75.8)                                                         277 (19.0)    1180 (81.0)
                                                        Rural          2463 (62.8)                       682 (27.7)                                                  1781 (72.3)                                                         542 (22.0)    1921 (78.0)
                                                        Cramer's V                                       0.04                                                        0.03                                                                              
                                                        p-value                                          0.017                                                       0.026                                                                             
  **Age of respondents (mean \[SD\])**                                 31.6 (8.6)                                                                                                                                                                      
  **Education**                                         No Education   1400 (35.7)                       424 (30.3)                                                  976 (69.7)                                                          316 (22.6)    1084 (77.4)
                                                        Primary        1204 (30.7)                       317 (26.3)                                                  887 (73.7)                                                          294 (24.4)    910 (75.6)
                                                        Secondary      1060 (27.0)                       255 (24.1)                                                  805 (75.9)                                                          174 (16.4)    886 (83.6)
                                                        Higher         256 (6.6)                         39 (15.2)                                                   217 (84.8)                                                          35 (13.7)     221 (86.3)
                                                        Cramer's V                                       0.09                                                        0.09                                                                              
                                                        p-value                                          \<0.001                                                     \<0.001                                                                           
  **Age of respondents at first birth (mean \[SD)\]**                  17.8 (3.1)                                                                                                                                                                      
  **Sex of Household Head**                             Male           3490 (89.0)                       899 (25.8)                                                  2591 (74.2)                                                         726 (20.8)    2764 (79.2)
                                                        Female         430 (11.0)                        136 (31.6)                                                  294 (68.4)                                                          93 (21.6)     337 (78.4)
                                                        Cramer's V                                       0.04                                                        0.01                                                                              
                                                        p-value                                          0.009                                                       0.691                                                                             
  **Wealth Index**                                      Poorest        739 (18.9)                        270 (36.5)                                                  469 (63.5)                                                          180 (24.4)    559 (75.6)
                                                        Poorer         772 (19.7)                        242 (31.3)                                                  530 (68.7)                                                          160 (20.7)    612 (79.3)
                                                        Middle         732 (18.7)                        201 (27.5)                                                  531 (72.5)                                                          165 (22.5)    567 (77.5)
                                                        Richer         740 (18.9)                        182 (24.6)                                                  558 (75.4)                                                          149 (20.1)    591 (79.9)
                                                        Richest        937 (23.9)                        140 (14.9)                                                  797 (85.1)                                                          165 (17.6)    772 (82.4)
                                                        Cramer's V                                       0.17                                                        0.06                                                                              
                                                        p-value                                          \<0.001                                                     0.012                                                                             
  **Husband's Education**                               No Education   1400 (35.7)                       444 (31.7)                                                  956 (68.3)                                                          314 (22.4)    1086 (77.6)
                                                        Primary        1072 (27.4)                       297 (27.7)                                                  775 (72.3)                                                          214 (20.0)    858 (80.0)
                                                        Secondary      949 (24.2)                        222 (23.4)                                                  727 (76.6)                                                          206 (21.7)    743 (78.3)
                                                        Higher         499 (12.7)                        72 (14.4)                                                   427 (85.6)                                                          85 (17.0)     414 (83.0)
                                                        Cramer's V                                       0.13                                                        0.04                                                                              
                                                        p-value                                          \<0.001                                                     0.059                                                                             
  **Current Work Status of Respondent**                 Not Working    2665 (68.0)                       646 (24.2)                                                  2019 (75.8)                                                         567 (21.4)    2098 (78.6)
  Working                                               1255 (32.0)    389 (31.0)                        866 (69.0)                                                  252 (20.1)                                                          1003 (79.9)   
                                                        Cramer's V                                       0.07                                                        0.01                                                                              
                                                        p-value                                          \<0.001                                                     0.390                                                                             
  **Intimate Partner Violence (IPV)**                   No             2885 (73.6)                                                                                                                                                       569 (19.7)    2316 (80.3)
  Yes                                                   1035 (26.4)                                                                                                  250 (24.2)                                                          785 (75.8)    
                                                        Cramer's V                                                                                                                                                                       0.05          
                                                        p-value                                                                                                                                                                          0.003         
  **Total sample size**                                 3920                                                                                                                                                                                           

The distribution of partner's education status was similar to that of the respondents, as nearly one-third of the partners reported having no formal education. However, in this case the partners' highest level of education (higher 12.7%) was almost double than that of the respondents. Even though about two-thirds of the respondents had some sort of formal education, only 32% respondents reported that they were currently working outside of homes in some capacity.

The lifetime prevalence of IPV among these various sociodemographic groups presents an interesting story. Around 24% of study participants who resided in urban areas reported facing some form of IPV during their lifetime, whereas it was higher (27.7%) in the rural areas. Women with higher levels of education faced fewer IPV (15.2%) compared to those who were illiterate (30.3%). IPV was higher (31.6%) in households where a female member was the head of the household than a household with a male house head (25.8%). About 36.5% women from the poorest wealth group reported IPV, more than 10% higher than the overall prevalence. These figures gradually decreased in the subsequent wealthier households and were reported to be the lowest in the richest group (14.9%). Respondents who had partners with higher education reported the least prevalence of IPV (14.4%) compared to the preceding lower education groups where it was as high as 31.7% (no education). Women who reported working outside of home faced a higher prevalence of IPV (31%) compared to women who were not working (24.2%) at the time of the survey.

The overall prevalence of at least one or more of either miscarriages, stillbirths and/or induced abortions (MSA) among the study participants was approximately 21%. The prevalence of MSA among urban (19%) and rural (22%) residents was not considerably different from the overall prevalence. However, the rate declined sharply from primary education group to secondary and higher education groups. Here, the primary education group reported a prevalence of MSA at 24.4%, while the higher education group reported the lowest prevalence at 13.9%. With regards to the wealth index, MSA was the highest for the poorest group (24.4%) and the lowest for the richest group (17.6%), while the three intermediary groups reported figures close to the overall rate (\~21%). Women who were subject to IPV reported an MSA prevalence rate of 24.2%, while women who were not a victim of IPV had an MSA prevalence rate of 19.7%.

The generalized linear model {#sec010}
----------------------------

Respondent's current age, residence, sex of household head and wealth index were found to be significantly associated with IPV in the GLM (**[Table 2](#pone.0236670.t002){ref-type="table"}**). However, respondent's current age, respondent's age at first birth and intimate partner violence were significantly associated with MSA. Younger females were more likely to be victims of IPV than older females (OR 0.96 with 95% CI: 0.95, 0.97). Women residing in urban areas were 28% less likely to face IPV than rural women (p-value = 0.004). The likelihood of IPV also significantly reduced for women who belonged to the richer (OR 0.68) and richest (OR 0.31) wealth groups compared to women from the poorest households. In households where a female member was considered the head, the odds of IPV significantly increased by 1.56 times compared to households with male heads. Older women were at increased risk of MSA, as were women who gave birth at an older age, which is understandable since the risk of MSA increases as age increases. The odds of having a miscarriage, stillbirth and/or induced abortion significantly increased by 35% (p-value = 0.003) for women who were victims to IPV compared to women who faced no such violence.

10.1371/journal.pone.0236670.t002

###### Generalized Linear Model (GLM) fitted with Intimate Partner Violence (IPV) and miscarriages, stillbirths and abortions (MSA) to sociodemographic factors where cluster and strata-wise variations and survey weights were adjusted.
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  Sociodemographic factors                                   Intimate Partner Violence (IPV)   Miscarriages, Abortion, Stillbirth                       
  ---------------------------------------------------------- --------------------------------- ------------------------------------ ------------------- ---------
  **Age**                                                    0.96 (0.95, 0.97)                 \<0.001                              1.03 (1.02, 1.04)   \<0.001
  **Residence (ref: Rural)**                                                                                                                            
  Urban                                                      0.72 (0.57, 0.90)                 0.004                                1.28 (1.01, 1.62)   0.047
  **Education (ref: No Education)**                                                                                                                     
  Primary                                                    0.88 (0.70, 1.10)                 0.266                                1.20 (0.96, 1.51)   0.111
  Secondary                                                  0.98 (0.74, 1.29)                 0.873                                0.79 (0.57, 1.09)   0.148
  Higher                                                     1.15 (0.69, 1.92)                 0.594                                0.52 (0.27, 0.97)   0.041
  **Sex of Household Head (ref: Male)**                                                                                                                 
  Female                                                     1.56 (1.19, 2.05)                 0.002                                0.99 (0.71, 1.37)   0.936
  **Wealth Index (ref: Poorest)**                                                                                                                       
  Poorer                                                     0.85 (0.66, 1.09)                 0.203                                0.77 (0.55, 1.09)   0.144
  Middle                                                     0.76 (0.59, 0.98)                 0.033                                0.91 (0.67, 1.22)   0.531
  Richer                                                     0.68 (0.52, 0.88)                 0.004                                0.80 (0.56, 1.13)   0.210
  Richest                                                    0.31 (0.22, 0.43)                 \<0.001                              0.80 (0.55, 1.16)   0.238
  **Age of respondent at first birth**                       0.96 (0.92, 0.99)                 0.019                                1.05 (1.02, 1.08)   0.002
  **Husband's Educational Level (ref: No Education)**                                                                                                   
  Primary                                                    0.78 (0.64, 0.94)                 0.012                                0.90 (0.69, 1.17)   0.432
  Secondary                                                  0.83 (0.65, 1.07)                 0.152                                1.13 (0.87, 1.48)   0.353
  Higher                                                     0.63 (0.41, 0.97)                 0.037                                1.14 (0.72, 1.81)   0.576
  **Current Work Status of Respondent (ref: Not Working)**                                                                                              
  Working                                                    1.17 (0.96, 1.42)                 0.117                                0.91 (0.75, 1.12)   0.392
  **Intimate Partner Violence (ref: No)**                                                                                                               
  Yes                                                                                                                               1.35 (1.11, 1.64)   0.003

Discussion {#sec011}
==========

In order to sustain the progress in public health paradigm and improve maternal healthcare, and pave the way to meet the goal 3.1 of reducing the global maternal mortality ratio and goal 5.2 of eliminating all forms of violence against women in both public and private spheres of the Sustainable Development Goals (SDG) \[[@pone.0236670.ref018]\], there is a urgency to identify the vulnerable cohorts and reinforce interventions programs by focusing on the specific needs of each cohort in Bangladesh. With the objective of identifying the cohort of vulnerable women in terms of IPV and miscarriages, stillbirths and induced abortion, this study observed significant association between these factors and age of women, residence, age of women at their first birth, sex of household head and household's financial condition. Interestingly, MSA was also significantly associated with IPV, which indicates that a combined intervention effort might be comprehensive in the targeted cohorts.

According to the findings, respondent's age was significantly associated with IPV as younger women seem to be more vulnerable to IPV than older women. A recent study with nine countries of the WHO multi-country study also concluded that adolescent women are at a greater risk of facing IPV than older women \[[@pone.0236670.ref031]\]. Similarly, respondent's current age and age at first birth were also found to be significant factors for miscarriages, stillbirths and induced abortion (MSA). There is a myriad of literature that estimates that increase in age of women makes them prone to miscarriages and induced abortion \[[@pone.0236670.ref032]--[@pone.0236670.ref035]\].

Moreover, many literature also conclude that an increase in maternal age raises the risk of stillbirths or fetal deaths \[[@pone.0236670.ref036], [@pone.0236670.ref037]\]. Since child marriage for females is still widespread in Bangladesh with mean age at first marriage at 15.7 years \[[@pone.0236670.ref038]\], young women are subject to miscarriages, stillbirths and induced abortions. This could also explain the prevalence of IPV of young women; as they get married off early, they are unlikely to have maturity or financial stability to confront the patriarchal environment in their in-laws households \[[@pone.0236670.ref039]\].

The place of residence was observed as another considerable factor for IPV in Bangladesh; however, it was not significant in the case of MSA. The odds of urban women experiencing IPV was substantially lower in comparison to rural women, which is consistent with previous literature \[[@pone.0236670.ref006], [@pone.0236670.ref040]\]. This could be explained by the fact that women in urban areas are significantly less compliant to domestic violence due to their increased education, decision making autonomy, and partner's higher education, as justification of spousal violence were found significantly linked to these factors \[[@pone.0236670.ref039], [@pone.0236670.ref041]\]. It could be further postulated that female rights organizations and media have a stronger presence in the metropolitan compared to distant villages where IPV is often considered as a part of traditional norm \[[@pone.0236670.ref042], [@pone.0236670.ref043]\].

Results revealed that women living in households with female heads were more vulnerable to IPV than households with male heads. However, some studies had observed the opposite scenario that high prevalence of child marriage and poverty lead to wife beating in patriarchal households \[[@pone.0236670.ref044], [@pone.0236670.ref045]\]. A recent study regarding the patterns of IPV in Bangladesh suggests that even though there is an increase in the awareness among women regarding their rights, women still continue to face social stigma and barriers that confine them from exercising these rights \[[@pone.0236670.ref046]\].

It could be hypothesized that patriarchal household norms still dictate the social behavior towards women, and households with female heads either struggle to ensure a safe household for women due to these archaic social norms and beliefs, or it could be that the male partners exert their frustration of living in a household led by a female member in a form of IPV on their female counterparts in these households. Moreover, female house heads are less likely to be highly educated compared to male house heads, which might bar them from going against the tradition. Generally, men in patriarchal societies resort to the idea of masculinity that involves specified hierarchical gender positions and measuring male success in terms of the power of exerting control over women \[[@pone.0236670.ref047]\]. These pose an interesting issue from the perspective of women empowerment and policy implementation emphasizing on eliminating such beliefs, which would require participation of men besides women to decrease the risk of IPV in Bangladesh \[[@pone.0236670.ref048]\].

In the context of household wealth, women in richer quintiles reported significantly reduced IPV compared to women from poorer households. It could be argued that households with higher income or wealth engage in less resource related disputes and this leads to decreased IPV as studies on Bangladeshi women corroborate that household financial condition acts as a protection against IPV \[[@pone.0236670.ref044]\]. Poverty in Bangladesh is entwined with dowry as poor bridegrooms expect hefty monetary payment from the girl's father and often a delay or lack of payment leads to IPV, particularly in rural areas \[[@pone.0236670.ref049]\]. Policies aiming at eradicating traditional norms in remote areas as well as poverty reduction are to be considered to tackle these issues.

Higher IPV was found to significantly associated with greater the odds of reporting one or more of miscarriage, stillbirths and induced abortions (MSA), which was a primary hypothesis in the present study. Globally, women are subject to IPV during pregnancy and it is considered one of the factors for negative maternal health outcomes \[[@pone.0236670.ref050], [@pone.0236670.ref051]\]. There have been multiple studies that reported increased adverse obstetric outcomes for women who were subject to IPV during pregnancy \[[@pone.0236670.ref052]--[@pone.0236670.ref054]\]. Furthermore, it was suggested that termination of pregnancy was significantly associated with IPV for women in Bangladesh \[[@pone.0236670.ref055]\].

The significant association between IPV and MSA corroborates with the previous findings regarding the relation between reproductive health choices of a woman and outcomes that can lead to MSA. One probable reasoning could be that abusive relationships could lead to scenarios where women cannot make decisions regarding their sexual lives and reproductive health and would then result in unplanned or unwanted pregnancies, ultimately leading to MSA \[[@pone.0236670.ref006]\]. Moreover, in relationships where females are subjected to IPV, the pregnancy could be in jeopardy as a result of physical and sexual IPV. Furthermore, in a number of cases, the partners could force women to terminate their pregnancies as women in abusive relationships may not have the power to confront the excessive pressures from their partners. In the case of Bangladesh, such scenarios are not uncommon and women are vulnerable to these adverse effects, since women's lack of autonomy in decision making and accepting mentality to patriarchal family dynamics are still prevalent \[[@pone.0236670.ref056], [@pone.0236670.ref039]\].

The study had a few limitations. Firstly, since BDHS 2007 is a cross sectional survey, a causal relationship between IPV and MSA could not be estimated. Secondly, the timing and chronology of IPV and reported MSA also could not be established due to lack of data. Therefore, the direction of IPV and MSA relationship could not be determined which would provide a clearer understanding. Hence, we need to exercise caution during interpretation. Thirdly, BDHS 2007 was the latest data set that collected data on IPV in Bangladesh, which demands recent DHS to include such information. Finally, there is the case of stigmatization in reporting both IPV and MSA among Bangladeshi women, where some might refrain from providing information on these sensitive issues \[[@pone.0236670.ref006]\]. Hence, the cases of IPV or MSA could be higher than reported in BDHS 2007. Furthermore, there are restrictions on induced abortions in Bangladesh by law and so these numbers could be underreported \[[@pone.0236670.ref055]\]. Future studies could venture the possible mental health aspects of IPV and collect data to extend this study.

Conclusion {#sec012}
==========

Bangladesh has made great strides in reducing child and maternal mortality in the 21^st^ century; however, more needs to be done to reach the standards globally set to attain SGDs. The objective of this study was to identify the most vulnerable cohorts in danger of IPV and MSA by studying women's pertinent sociodemographic aspects and understanding the effects of IPV on maternal health and adverse obstetric outcomes. Keeping in mind that these data are subject to being underreported and the actual numbers could be relatively higher, the findings demand that, in order to protect women from IPV, dedicated interventions and targeted policy frameworks are required for young women from rural areas, particularly from poorer and underprivileged households.

Awareness and social education campaigns have shown to work against traditional norms regarding the position of women in households, women empowerment, and early marriages. As IPV and MSA are intertwined with each other, policies aiming at intervening the vulnerable cohorts for IPV and improving maternal health are likely to improve the overall maternal health situation and could contribute in achieving SDG goals 3.1 and 5.2 set by the United Nations \[[@pone.0236670.ref018]\].

It would be beneficial for future studies if DHS continued collecting data on domestic violence against women, so that further studies could be done to observe the trend of IPV in Bangladesh and conduct appropriate comparisons over the years for evidence based policy making. The study also encourages more focused work on the chronology of IPV and MSA in order to get a better understanding on the strength and direction of the association between them and test possible intervention strategies in the context of Bangladesh.

The authors would like to acknowledge MEASURE Evaluation, National Institute for Population Research and Training (NIPORT) and USAID/Bangladesh, who allowed the researchers to access the survey data for free.
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Reviewer \#1

The authors have addressed an important issue and this manuscript is a sound presentation. The abstract is well explained and concise.

However in figure 1, I would suggest boxes with white background and black text inside.

In figure 2, please add the p values if possible between the Yes and No column with asterisks.

There are some grammatical errors and I would suggest to go through again for during minor revision.

Reviewer's response:

Thank you for the valuable inputs. The issue discussed in the manuscript is indeed an important discussion regarding women's health and safety in the context of Bangladesh.

1\. In Figure 1 we have used white background with black text inside as suggested.

2\. In Figure 2, we have added the respective p-values between the Yes and No columns. However, instead of asterisks we have put the values on top the joint bars to make them more visually appealing.

In response to addressing grammatical issues, we have consulted an English language expert and made necessary changes to the manuscript.

 

Reviewer \#2

This topic is important in terms of developing regions as IPV is prevalent in these regions. After going through the article, I am wondering at some points.

Comments:

1\. The introduction section is redundant in some aspect. However, the study did not add previous studies regarding the subject matter. What is the actual gap of the study is missing?

Reviewers' response:

Thank you pointing that. The purpose of the introduction section was to gradually build up to the main idea behind the present study, which was to identify the groups of women vulnerable to intimate partner violence (IPV) in Bangladesh and address the fact that there exists a lack of available literature regarding the aforementioned vulnerable groups and shed light on the fact that there lies an important association with IPV and women's experience of miscarriages, stillbirths and abortions (MSA).

The previous study pertinent to the subject matter of the current study was mentioned in the introduction section with one similar study noted in reference 6, "Silverman, J. G., Gupta, J., Decker, M. R., Kapur, N., & Raj, A. (2007). Intimate partner violence and unwanted pregnancy, miscarriage, induced abortion, and stillbirth among a national sample of Bangladeshi women."

However, this was the only such notable study that discussed the association between IPV and MSA, albeit with a different survey. No other studies explored the sociodemographic characteristics of women in Bangladesh who experienced IPV using a nationally representative survey. We duly indicated this fact in our manuscript. In page 4, line 77, of the revised manuscript with track changes, we declared this lack of availability of previous pertinent studies, stating, "However, there is a literature gap in identifying the most vulnerable cohorts of women who suffer from IPV in Bangladesh and its subsequent effect on miscarriages, induced abortions and stillbirths."

Then in the final paragraph of the Introduction section, we discussed our study objective. In page 5, line 102 of the revised manuscript with track changes, we stated, "The current study explored the vulnerable cohorts, that is, the households where women are vulnerable to IPV and consequently are likely to experience miscarriages, stillbirths or induced abortions (MSA) based on their sociodemographic attributes using Bangladesh Demographic and Health Survey 2007 (BDHS 2007). The understanding of vulnerable groups would help design sustainable interventions and subsequent policies to decrease the prevalence of IPV and improve maternal healthcare."

Our current analysis contributes to the existing gap in literature. In our final paragraph of the conclusion we mentioned the motivation behind our paper asking the DHS to continue collecting relevant data on IPV and MSA, since such data were not collected in the following three rounds of survey since 2007. Our aim is to raise awareness regarding this neglected issue and encourage further dedicated studies and intervention to properly address this problem.

2\. The theoretical framework is resourceful in terms of theories. How it linked to the present studies, the figure 1 does not provide enough information.

Reviewers' response:

The main idea behind the inclusion of the framework was to provide a sound theoretical basis for the selection of the study variables. While most sociodemographic studies use pre-existing literature or experience while selecting the variables, this practice does not help in designing targeted research efforts or intervention programs due to the lack of theoretical basis. To clarify the motivation behind this section in the paper we added (line 137, page 7 of the revised manuscript with track changes) that we wanted to solidify the choice of variables not just from the literature or our past experience, rather from existing theory.

We noted this idea in the final paragraph (page 7, line 140 of the revised manuscript with track changes) of the theoretical section, stating, "Using the definitions of the systemic levels of social framework given in Dutton's nested ecological theory, the final list of sociodemographic variables for the study were made."

To link the present study with theories in the 70's we used Figure 1. While the 'framework' and 'levels' come from Dutton's nested ecological theory, the 'sociodemographic factors' are from the present study. We have shown the links how each level connects with each of the sociodemographic factor. Thank you for raising the point. We hope that after updating the figure as suggested by reviewer 1, we were clearer in making our case.

3\. In methodology section, how outcome variables were calculated and measure need to explain. In statistical analysis section, model fit information need to add.

Reviewers' response:

Thank you for bringing these issues to our attention. The outcome variable was constructed from the original dataset (IPV) or readily available (MSA) and was readily available for use after removing the case wise missing observations. To clarify this issue, we have added the following sentences in the 'Response and Outcome Variables' subsection (page 9, line 182-183 of the revised manuscript with track changes)

"Both IPV and MSA are outcome variables in this study. The outcome variable MSA was extracted from the original dataset while IPV was constructed from the available data."

Please note that in line 183, page 9 of the revised manuscript with track changes, we showed how the binary outcome variable IPV was constructed: "The binary outcome variable IPV was constructed based on the respondents' answers to the following questions: (a) spouse ever pushed, shook or threw something; (b) spouse ever slapped; (c) spouse ever punched with fist or something harmful; (d) spouse ever kicked or dragged; (e) spouse ever tried to choke or burn; (f) spouse ever threatened with knife/gun or other weapon; (g) spouse ever physically forced sex when not wanted; and, (h) spouse ever twisted her arm or pulled her hair."

For model fit information we revised the sentence in page 10-11, line 210-213 of the revised manuscript with track changes, in the 'Statistical Analyses' subsection as follows:

"Generalized linear models (GLMs) were fitted to each outcome variables where cluster and strata-wise variations and survey weights were adjusted to generalize the findings in both models. For the first model with IPV as the outcome, the model accuracy was 73.6% and for the second model with MSA as the outcome, the model accuracy was 79.1%."

4\. In Table 1, better to report the Phi coefficient and Cramer\'s V (Strength of association) along with the p-value obtained from the Chi-square test.

Reviewers' response:

Thank you for your suggestion. We have added the Cramer's V statistic as well.

Given we have reported the Chi-square significance, reporting the Phi coefficient would be redundant in this case. Furthermore, the interpretation of Phi coefficients is not straightforward. Thus, we are happy to comply with your suggestions to report Cramer's V besides the initial results of the Chi-square significance.

5\. Repetition of some information in introduction, discussion and conclusion section might degrade the quality.

Reviewers' response:

Thank you for pointing that. We have thoroughly revised Introduction and Discussion to address this issue. We would like to point out that some were added for better flow of the paper; however, we respect your suggestion and hence removed those which were repetitive.

Please note that in the revised manuscript with track changes, we have removed the paragraph in page 5, lines 93-98, in compliance with the above suggestion. Next, we removed another sentence in page 6, lines 108-110 as well. Furthermore, we removed a sentence in page 22, lines 380-382.

6\. This study is based on the data of BDHS 2007. What this study adds in terms of current policy implication while Bangladesh is doing better over most of the selected indicators.

Reviewers' response:

Thank you for pointing that. We agree with you. To do better policy analysis, we need recent data. That is why we wanted to use our study findings to inform data custodians that they need to continue collecting data on IPV and MSA. Unfortunately, DHS authorities have not collected information on IPV and MSA following 2007 survey. Thus, we stated the following in line 391, page 22 of the revised manuscript with track changes,

"It would be beneficial for future studies if DHS continued collecting data on domestic violence against women, so that further studies could be done to observe the trend of IPV in Bangladesh and conduct appropriate comparisons over the years for evidence based policy making."

We whole-heartedly thank Reviewer 1 and 2 for their contributions and suggestions for improving the manuscript.
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